Background Literature suggests that factors such as rural residence and low socioeconomic status (ses) might contribute to disparities in survival for Canadian cancer patients because of inequities in access to care. However, evidence specific to brain cancer is limited. The present research estimates the effects of rural or urban residence and ses on survival for Canadian patients diagnosed with brain cancer.
INTRODUCTION
Current literature suggests that factors such as socioeconomic status (ses) and rural or urban residence might explain disparities in survival for patients with a variety of cancers [1] [2] [3] . Specifically, social deprivation and rural residence have been investigated as mediators of access to screening, diagnosis, and treatment [1] [2] [3] . The exact mechanisms by which social deprivation influences access to care and, subsequently, survival for patients with various types of cancer are complex 2 . Rural residence is thought to be associated with cancer survival because it is a surrogate for geographic distance from cancer treatment centres, which are predominantly located in urban areas 4 . Disparities in survival rates associated with ses strata and rural or urban residence are evident within Canada 1 . However, research investigating the extent to which those factors influence survival for specific patient groups in Canada is limited.
Evidence compiled by the Canadian Partnership Against Cancer highlights variation in survival rates by income level, characterized by higher mortality for patients residing in low-income urban neighbourhoods relative to those residing in higher-income areas 1 . The same Canadian Partnership Against Cancer report showed higher age-standardized mortality rates for rural residents with prostate, lung, and colorectal cancers relative to their urban counterparts 1 . However, disparities in survival by rural or urban residence were not evident for other cancer types in the report 1 .
A systematic review of Canadian literature found that Canadians living a greater distance from a cancer centre have poorer access to systemic therapy and are more likely to experience a cancer-related death within the first 6 months after diagnosis 5 . With approximately 19% of Canada's population living in rural or remote locations 6 , it is important to determine whether rural populations experience inequities in survival. Such inequities would indicate targets for clinical and policy interventions by health care practitioners, management, and policymakers to improve access by rural Canadians to cancer care 5 .
Some efforts have already been made to improve cancer care in rural Canada, including programs to improve access to cancer screening, to train rural family physicians in the administration of chemotherapy in community hospitals, and to increase the number of radiation therapycapable facilities 4, 7 . Significant strides have been made in rural areas for the detection through screening of some cancers, including breast, colorectal, and cervical cancers 7 . Brain cancers pose a unique challenge because there is no screening for this group of cancers, and tumour location and rarity necessitate highly specialized treatment strategies that limit treatment delivery to major metropolitan centres. The unique challenges in the diagnosis and treatment of primary malignant brain tumours might result in survival disparities for patients of lower ses or rural residence. Published research examining the effect of ses or geographic residence on survival in primary malignant brain tumours in Canada is limited. The objective of the present research was to compare the survival experience of Canadian patients with brain tumours based on rural compared with urban residence and on various ses strata.
METHODS

Data Source
Data for this analysis were obtained from the Canadian Cancer Registry (ccr). The ccr is an administrative population-based dataset that contains information about cancer incidence for all usual residents of Canada in all 13 provinces and territories. The ccr is a collaborative effort between Statistics Canada and each provincial and territorial cancer registry. Each provincial or territorial cancer registry is responsible for ensuring the completeness and accuracy of every record submitted to Statistics Canada. Primary cancer diagnoses are coded using the International Classification of Diseases for Oncology, 3rd edition. The ccr contains separate variables for anatomic site, histologic features, and behaviour. Patient mortality data are obtained from vital statistics databases that are linked to the cancer registry by each province. Data about the demographic characteristics of each patient include age at diagnosis, sex, and residence (province, postal code, and census tract).
Study Population
From the ccr, we identified adults diagnosed with a firstever primary malignant brain tumour between 1 June 1996 and 31 December 2008. Brain tumours were defined as those occurring at International Classification of Diseases for Oncology site codes C700-C729, C751, and C753. International Classification of Diseases for Oncology histology codes were then grouped into major histologic categories as defined by the Central Brain Tumor Registry of the United States 8 , yielding these groupings: glioblastoma, diffuse astrocytoma, glioma not otherwise specified, oligodendroglioma, anaplastic astrocytoma, oligoastrocytic tumours, anaplastic oligodendroglioma, and "all others." Because of differences in treatment between adults and children, the analysis was restricted to patients diagnosed at 21 years of age or older.
Outcome Ascertainment
Events were restricted to individuals whose underlying cause of death was cancer-related, as determined by the appropriate International Classification of Diseases code (revision 9 for those with a diagnosis date before 2000, and revision 10 for those with a diagnosis date in 2000 and onward). Unrelated causes of death were treated as censoring events. Time-to-event was determined using the survival interval, which was estimated using the date of diagnosis and the date of death or the date last known to be alive (censoring date).
Definitions of Rural and Urban Residence
Rural and urban residence were classified according to the definition of "rural and small town" developed by du Plessis et al. 9 . That definition is recommended for use in studies examining access to care. It classifies regions with a population less than 10,000 as rural 9 ; however, although that definition is recommended for use in research into general health care services access, it might not be the most appropriate measure for brain cancers because of the centralization of treatment to major metropolitan centres. All analyses were therefore repeated using an alternative "non-metropolitan" definition of rural, in which all regions outside census metropolitan areas (areas with 100,000 people or more and at least 50% in an urban core) are classified as "rural" 9 . Postal codes were used to match patient records with community size variables from Statistics Canada's Postal Code Conversion File (PCCF+) 10 . Community size variables representing the "rural and small town" definition were missing for patients diagnosed between 1992-1996, and variables representing the "non-metropolitan" definition were missing for patients diagnosed before 2001 10 . Each analysis was restricted to patients with complete data.
Definition of SES
In this analysis, neighbourhood income was used as a proxy for each patient's income and as a surrogate measure of ses. Data for neighbourhood income were obtained from the PCCF+ dataset and were matched to each patient based on their place of residence at the time of diagnosis. In the PCCF+ dataset, the average neighbourhood income is divided into quintiles based on the income distribution within each census metropolitan area or census agglomeration. Because of similarities in trends between income quintiles, only 3 categories were used: "lowest income" included income quintile 1, "middle income" included income quintiles 2 and 3, and "highest income" included income quintiles 4 and 5.
Statistical Methods
Data were accessed through the Research Data Centre at the University of Alberta and analyzed using the SAS statistical software application (version 9.4: SAS Institute, Cary, NC, U.S.A.). All frequencies were rounded in accordance with Statistics Canada's requirements. Crude Kaplan-Meier survival estimates (1-, 2-, and 5-year) were calculated for each major histology type, stratified by rural or urban residence and by income group. Individuals who were alive at the end of study (31 December 2008) were right-censored. Kaplan-Meier curves for each histology were created and smoothed according to Statistics Canada's requirements.
Hazard ratios (hrs) and 95% confidence intervals (cis) were estimated using Cox proportional hazards regression models. Separate models were built for each histology, with sex, region, income, and rural or urban residence as covariates. Models were stratified by age group to accommodate non-proportional hazards by age. The extent to which the proportional hazards assumptions held across time periods for each histology was tested. If the assumption was violated for any histology, the hrs were split at the point where the survival functions for rural and urban crossed. Hypothesized interactions were tested using the likelihood ratio test. Interactions that did not improve model fit were not included in the final model and are not discussed further.
RESULTS
Between 1 June 1996 and 31 December 2008, 25,700 people in Canada who met the inclusion criteria were diagnosed with a primary brain cancer and had complete data for the characteristics of interest. Of those 25,700 people, 78.1% died within the study period. Patients were predominantly men (55.8%). Patients 65 years of age and older constituted 41.4% of the study population. The number of patients varied by geographic region, but were proportional to the population of each province. The largest proportion of cases came from Ontario (38.4%), followed by Quebec (26.3%) and British Columbia (12.5%). The most common histology was glioblastoma (42.7%), followed by diffuse astrocytoma (13.1%). Table i summarizes the distribution of participant characteristics by rural or urban residence and income quintile. The proportion of patients with brain cancer residing in rural areas was 21.3%, which is consistent with the proportion of Canadians living in rural areas according to the 2006 census (19.9%) 6 . The proportions of patients residing in rural areas in each province were also consistent with the proportions identified by the Canadian census 6 . No variation in the distribution of income was observed for the categories of rural or urban residence. The proportion of patients with brain cancer in the lowest income group was 19.2%. Figure 1 shows crude Kaplan-Meier 1-, 2-, and 5-year survival curves for each histology, stratified by rural or urban residence. Patients with oligodendroglioma experienced the best survival, independent of residence. Patients with glioblastoma experienced the worst survival overall, with patients residing in rural areas experiencing worse 5-year survival (2.4%; 95% ci: 1.8% to 3.2%) relative to their urban counterparts (3.7%; 95% ci: 3.3% to 4.2%; Figure 1 , supplementary Table 1 ). The estimated 5-year survival rate was lower for rural-residing patients than for urbanresiding patients with anaplastic astrocytoma [10.9% (95% ci: 5.9% to 17.5%) vs. 18.4% (95% ci: 15.0% to 22.0%)] and with the "all others" histology [34.8% (95% ci: 32.2% to 37.5%) vs. 40.3% (95% ci: 38.9% to 41.7%)]. Conversely, there was evidence of better 5-year survival for rural-residing patients with anaplastic oligodendroglioma (47.6%; 95% ci: 38.9% to 55.9%) than for their urban-residing counterparts (35.0%; 95% ci: 30.7% to 39.4%). Survival for patients with other histologies did not vary by rural or urban residence (Figure 1 , supplementary Table 1 ). Figure 2 shows crude Kaplan-Meier 1-, 2-, and 5-year survival curves for each histology group, stratified by income category. At 1 year after diagnosis, survival was worse for patients in the lowest income group relative to their counterparts in the highest income group when they had glioblastoma [24.1% (95% ci: 22.2% to 26.1%) vs. 28.9% (95% ci: 27.6% to 30.2%)], anaplastic oligodendroglioma [66.5% (95% ci: 57.6% to 74.0%) vs. 78.8% (95% ci: 73.8% to 82.9%)], and "all others" tumours [51.0% (95% ci: 48.3% to 53.6%) vs. 55.3% (95% ci: 53.2% to 57.3%)], but there was no evidence of a difference in survival by year 2 or thereafter. The relationship between income and survival did not follow expected patterns for patients in the remaining histology groups. Relative to their counterparts in lower income categories, patients in the highest income category who had oligoastrocytic tumours experienced the lowest survival rate at all time points (Figure 2, supplementary  Table 2 ). Similarly, compared with both the lowest and the highest income groups, the group in the middle income category who had glioma not otherwise specified experienced worse survival at all time points after diagnosis ( Figure 2 , supplementary Table 2 ). Table II shows estimated hrs and 95% cis for the effect of rural compared with urban residence on survival adjusted for age group, sex, region, and income. The hrs for rural compared with urban residence changed over time for patients with glioblastoma, oligodendroglioma, and oligoastrocytoma. The hrs for those histology groups were therefore split at the point where the survival functions for rural and urban residence crossed. Overall, more than 90% of glioblastoma patients had died by year 3 after diagnosis. Rural residents with glioblastoma experienced a lower hazard for death in the first 5 weeks after diagnosis (Table ii) . However, from 5 weeks to 3 years after diagnosis, we observed no evidence of a difference in the hazard for death between rural-and urban-residing patients and evidence of a higher hazard for death for rural-residing patients after 3 years. Rural residents with oligoastrocytoma showed no difference in the hazard for death in the first 3 years after diagnosis, but showed a greater hazard for death after year 3. No variation in the hazard for death by rural or urban residence was evident for patients with the remaining histologies. Repeating the analyses using the "non-metropolitan" definition of "rural" yielded findings that were consistent with those from analyses using the "rural and small town" definition (data not shown).
Table iii shows the hrs and 95% cis for the effects of lowest or middle income compared with highest income on survival, adjusted for age group, sex, region, and rural or urban residence. The proportional hazards assumption was not met for the effect of income on survival for patients with glioblastoma or diffuse astrocytoma. Compared with their counterparts in the highest income group, patients in the lowest income group with glioblastoma experienced a significantly higher hazard for death in the first 1.5 years after diagnosis. Conversely, compared with patients in the highest income group, those in the lowest income group had a lower hazard for death from 1.5 years to 5 years after diagnosis. The same pattern was also evident for patients in the middle income group, relative to those with the highest income (Table iii) . Compared with patients in the highest income group, those in the lowest income group with diffuse astrocytoma experienced a higher hazard for death in the first 6 months, but a lower hazard for death from 6 months to 2 years (Table iii) . The hazard for death did not differ between the lowest-and highest-income groups after 2 years (Table iii) . The middle-income group also had a higher hazard for death in the first 6 months. There was evidence of a lower hazard for death in that patient group from 6 months to 2 years after diagnosis; however, the ci associated with that estimate suggests some uncertainty about the direction and magnitude of the effect. Patients with anaplastic oligodendroglioma and tumours in the "all others" category experienced worse overall survival in both the lowest-income and the middle-income groups relative to the highest-income group. The hazard for death did not vary by income in patients with other histologies.
We observed no evidence for an effect of sex on survival in patients with any brain tumour type except for tumours in the "all others" category (hr: 0.89; 95% ci: 0.83 to 0.95).
Survival varied by province for all brain tumour categories except for anaplastic astrocytoma and oligodendroglioma. Patients with glioblastoma had a higher hazard for death in British Columbia relative to Ontario (reference province): 1.43 (95% ci: 1.28 to 1.60). Similarly, patients with diffuse astrocytoma had the highest hazard for death Region was defined as the province or territory of diagnosis. Because of small numbers, some geographically adjacent provinces were combined to achieve a sufficient sample size in each region. Territories were excluded from the analysis because of extremely low case numbers. c Slight variations in category totals within and between rural or urban residence and income are a result of the random rounding procedures required by Statistics Canada NOS = not otherwise specified.
in British Columbia relative to Ontario (hr: 1.93; 95% ci: 1.69 to 2.20). Patients diagnosed with glioma not otherwise specified had a higher hazard for death in Alberta and British Columbia compared with Ontario, with hrs of 1.49 (95% ci: 1.17 to 1.90) and 1.81 (95% ci: 1.43 to 2.28) respectively. Patients with oligoastrocytoma had the lowest hazard for death in the Maritime provinces compared with Ontario (hr: 0.60; 95% ci: 0.39 to 0.93), and those in British Columbia had the highest hazard for death (hr: 1.58; 95% ci: 1.24 to 2.02). Patients with anaplastic oligodendroglioma had the lowest hazard for death in Alberta (hr: 0.621; 95% ci: 0.41 to 0.93). Patients with tumours in the "all other" category had the highest hazard for death in Saskatchewan and Manitoba compared with Ontario (hr: 1.73; 95% ci: 1.51 to 1.97).
DISCUSSION
Our data suggest that disparities in survival for all brain cancer subtypes by rural or urban residence are not generally apparent at diagnosis, but might develop for certain tumours over time. Rural-residing patients with oligoastrocytoma who survived longer than 3 years had a hazard for death almost double that of urban-residing patients, which corresponds to a worse survival experience. Similarly, at 6 years after diagnosis, rural-residing patients with oligodendroglioma and glioblastoma experienced a hazard for death approximately 1.5 times the hazard for urban-residing patients with glioblastoma. However, the absolute difference in survival between rural-and urban-residing patients with glioma at 5 years was small.
The data also suggest that income group affects survival for some brain tumour subgroups, particularly anaplastic oligodendroglioma, diffuse astrocytoma, and glioblastoma. However, the negative effect of income on survival for glioblastoma and diffuse astrocytoma was limited to the first 1.5 years after diagnosis.
Two main factors might explain the general absence, in this study, of disparities in survival for patients with brain cancer depending on rural or urban residence, or on varying levels of ses. First, access to treatment and subsequent care for rural and low-income Canadians with brain cancer might be more equitable than it is for other cancer types. It is important to note that, because of disease severity, identification of any primary malignant brain tumour initiates an urgent response. Patients tend to receive quick referrals to specialized cancer centres that are capable of appropriately managing their cancer treatment. That quick referral likely has the effect of minimizing the delay in treatment for all patients, regardless of their residence or income level. In that context, the absence of a strong effect of rural or urban residence or income on survival might therefore suggest equity in access to care. Second, access to treatment might not have a significant effect on prognosis for patients with brain cancer, given the absence of effective treatment modalities for specific histologies, particularly glioblastoma. For patients with tumours of more aggressive histology, we therefore cannot be sure whether the general absence of disparities in survival between rural-and urban-residing patients and between those with varying levels of income is attributable to equity in access to care or because of a lack of a meaningful effect of treatment on survival. Differences in the survival rates for patients with tumours of less-aggressive histology in the low-income group suggest that inequities in access to care might exist for tumour subtypes in which treatment is more effective or the prognosis is generally better.
The body of evidence about the effect of income leveland more broadly ses-on survival is extremely limited. In an analysis of ses differences in cancer survival for Swedish children followed for 10 years from date of diagnosis until death or the end of follow-up in 2011, the estimated 5-and 10-year survivals for children with tumours of the nervous system were lowest for those whose parents had lower education relative to parents with higher education 11 . Evidence generated in our analysis did not consistently demonstrate a relationship between ses as measured using income and survival characterized as worse survival for those with indicators of lower ses. Disparities between our findings and those in the published literature might be attributable in part to the sole use of income to measure ses in our study, without accounting for other related dimensions of ses such as education.
Research investigating the effects of rural or urban residence on disparities in brain cancer survival is limited. Direct comparisons between findings from our analyses and those in the published literature are complicated by the various methods used to define rural or urban residence and to group or classify tumour types. In an analysis of U.S. Surveillance, Epidemiology, and End Results program data from 1973 to 2001, Deorah et al. 12 classified patients into "metropolitan" and "non-metropolitan" groups as surrogates for rural and urban counties. Estimated incidence and survival rates were presented for all malignant brain tumour types combined. The 28-year risk for malignant brain tumours in residents of metropolitan areas was 1.35 times that in residents of non-metropolitan areas (95% ci not presented) 12 . However, the estimated 5-year survival rate was higher for affected patients residing in metropolitan areas (28%; 95% ci: 27.4 to 28.6) than for those residing in non-metropolitan areas (25.6%; 95% ci: 24.2 to 27.0) 12 . In an analysis of U.S. Surveillance, Epidemiology, and End Results data from 2011 to 2015, Henley et al. 13 estimated age-adjusted rates of cancer deaths by site and by metropolitan compared with non-metropolitan residence. Non-metropolitan counties were further stratified by rural or urban areas, and metropolitan counties were further stratified by population greater than 1 million 13 . The annual age-adjusted mortality rates for patients with brain and other nervous system cancers were 4.6 and 4.3 per 100,000 people in rural and urban non-metropolitan counties respectively 13 . For patients with brain and other nervous system cancers residing in metropolitan areas, the age-adjusted annual mortality rates were 4.5 and 4.2 per 100,000 people for populations of less than 1 million and of 1 million or more respectively 13 .
Review of the literature indicates that rural and urban differences in survival are often observed only for tumours classified as mid-grade or having regional spread [14] [15] [16] , indicating that, compared with other cancers, mid-grade and regionally metastasized cancers are influenced to a greater degree by treatment factors and access to care. One explanation for that observation is that survival is good for low-grade tumours, but poor for high-grade tumours regardless of access to care and treatment received. Brain cancers do not metastasize, and so that characteristic does not explain those results. However, the grade of tumour at diagnosis, as identified by histology for gliomas, could be relevant.
Strengths and Limitations
Survival data to 31 December 2008 were available through the ccr, and so current patterns are not yet available. It is Split by time if the proportional hazards assumption did not hold, indicating that the hazard changed over time for the associated histology. HR = hazard ratio; CI = confidence interval; NOS = not otherwise specified.
possible that recent advances in care 17 might differentially affect brain cancer survival for patients diagnosed at a later time not captured in the present analysis. Because we used ccr data, our estimation was limited to variables collected and reported within the database. Data for modifying factors such as tumour characteristics and treatment types that have previously been reported to have a significant effect on cancer survival were unavailable for the present analysis 16, 18, 19 . Additionally, data about potential confounders were not available through the ccr.
The use of each patient's home province and postal code at date of diagnosis to define place of residence might have contributed to misclassification error if, after diagnosis, patients tended to migrate to areas with cancer treatment facilities. If rural-residing patients tend to move to urban areas after diagnosis and the reason for migration is related to survival, the estimates might be biased toward finding urban or rural differences. A limitation of the income variable is that it is not patient-specific. If neighbourhood-level income is not an accurate proxy for individual-level ses, the effect of ses on the survival experience of patients with brain cancer might have been masked in our analysis. Additionally, methods used to ascertain rural or urban residence and neighbourhood income, and the time-varying nature of each variable, precluded adding an interaction term between those exposures to Split by time if the proportional hazards assumption did not hold, indicating that the hazard changed over time for the associated histology. c Adjusted for microscopic confirmation. HR = hazard ratio; CI = confidence interval; NOS = not otherwise specified.
the model. The analysis was therefore unable to estimate the extent to which the effect of ses strata varied by rural or urban residence.
Although the data elements available in the ccr are limited, using that data source lends strength to our study. The quality of the data is high because, to detect errors, all data submitted to the ccr has undergone validation edits and correlation edits that verify the validity of each entry and check for appropriate relationships between patient and tumour data. Furthermore, because all reported cases of brain cancer in Canada for the defined age groups within the study period were analyzed, the results are representative of the Canadian population and are applicable to Canadian patients with brain cancer. Finally, use of the PCCF+ files allowed for accurate designation of rural or urban residence, with fewer than 1% of patients meeting the study inclusion criteria having an unknown rural or urban classification.
CONCLUSIONS
Research investigating the extent to which ses and rural or urban residence influence survival for specific patient groups in Canada is limited. Our analysis fills a gap in the existing literature by addressing the effects on survival of rural compared with urban residence and ses as measured by income level for Canadians diagnosed with brain cancer. Such inequities would suggest targets for clinical and policy interventions by health care practitioners, management, and policymakers to improve access to cancer care for rural-residing and low-income Canadians.
Our analysis did not yield evidence of strong effects of rural or urban residence or ses on survival for Canadians diagnosed with brain cancer during the study period. That finding might reflect equitable access to care for this patient population. There was some evidence of modest variation in survival over time by rural or urban residence for patients with tumours of specific histologies. That variation was more apparent for patients diagnosed with tumours generally known to have better prognoses. In contrast, associations between ses and brain tumour survival were more apparent for tumour subtypes generally known to have poor prognoses and for the early post-diagnosis period. Further research into the exact mechanisms by which rural or urban residence and ses influence survival is needed before targeted policy or program recommendations can be developed.
